ABSTRACT: Density, size structure and sex distribution of the large temperate reef fish Cheilodactylus spectabilis were examined in 10 habitats on a rocky reef environment in northeastern New Zealand. Morphometric analysis of body form identified subtle features which enabled the sex of C. spectabilis to be identified readily in the field. Censuses of mapped areas and strip-transect counts were used to monitor the distribution patterns down a depth gradient at 2 localities over a 12 mo period (1985). Large differences in density, size and sex structure were found between habitats. Females and juveniles were found to inhabit the shallow sections of the reef, while males dominated the deeper regions. There was a strong trend toward increased mean fish size with depth. These trends in distribution, density and size were consistent over a wide range of time scales. Comparisons with surveys conducted in 1978 and 1988 showed the same patterns of distribution and population structure. Similar consistency was found on a between-month, between-day and within-day scale over a range of depths.
INTRODUCTION
Cheilodactylus spectabills (Hutton) is a large temperate fish which is common on the shallow coastal reefs of northern New Zealand and southern Australia. It is one of a group of demersal microcarnivores which have been implicated as highly influential in governing the distribution of invertebrates associated with turfing algae and encrusting communities (Leum & Choat 1980 , Russ 1980 , Ayling 1981 . Others in this group include sparids, monocanthids and labrids. Unfortunately attempts to determine the effect of these fishes on the distribution of their benthic prey have been hampered by a lack of detailed information on the fishes' abundance patterns (Choat 1982) . The root of this problem is the patchy distribution of these fish in both space and time, a common feature of reef fish populations. This is intimately tied to the patchiness of the environment with which they associate for shelter and food (e.g. Holbrook & Schmitt 1984 , Jones 1984a , Choat & Ayling 1987 .
Much of the local variation in distribution patterns can probably be attributed to systematic trends involving particular size and sex stages of the fish population (e.g. Helfman 1978 , Jones 1 9 8 4~) . Many reef fish undergo regular size-related feeding migrations (Ogden & Buckman 1973 , Gladfelter 1979 , Helfman et al. 1982 . Furthermore, the outcome of behavioural interactions, prey selection, and entrance into the reproductive population are often size dependent (Werner & Gilliam 1984 , Jones 1984a , c, 1987 . Unfortunately, so few studies have examined the factors influencing a species distribution in detail, that the influence of size and sex on population dynamics is largely unknown (exceptions Jones 1984a ,b,c, Hoffman 1985 .
This study describes the patterns of size and sex distribution of Cheilodactylus spectabilis on the rocky reefs of northeastern New Zealand, over a range of spatial and temporal scales. Moreover, it examines how size and sex might influence our perception of how the fish is distributed, and its effect on the local environment. Data spanning a 10 yr period between 1978 and 1988 is presented for a range of reef habitats, and density and size trends are examined. Such long-term information is important if conclusions are to be made regarding the processes affecting the distribution of the population and the potential effects of the population on its environment (Jones 1988) . Single surveys may lead to a unrepresentative picture of spatial patterns and species/size/sex related associations. Spatial patterns of density and size structure are also examined on the finer within-and between-day, and within-year scales.
Since morphologically the sexes of the gonochoristic Cheilodactylus spectabilis are very similar, the first element of this study was the identification of characteristics which would allow rapid sexing of individuals in the field.
MATERIALS AND METHODS
Study sites. The study was conducted in the 5 km of shallow rocky reef which makes up the Cape Rodney to Okakari Point Marine Reserve, on the northeastern coast of New Zealand. The reef contains a variety of recognizable habitat types, which often have discrete boundaries (see McCormick Table 1 , for description).
Morphology. A morphological analysis was camed out to determine whether Cheilodactylus spectabilis was sexually dimorphic. Body measurements were taken on a sample of 32 fish (17 males, 15 females), ranging in size from 132 to 451 mm SL (standard length). Nineteen measurements of body form were recorded (given in Fig. 1 , plus a measure of anal fin length, lip size and wet weight). An additional 2 descriptors of form were calculated: (a) snout anglethe difference between the dorsal head angle and snout acuteness; (b) anus position -the proportion that the anterior anal length is of the posterior anal length.
Patterns of spatial abundance with size and sex. A optimum stratified-random survey to determine the total abundance of Cheilodactylus spectabilis in the 5 km Reserve was documented by McCormick & Choat (1987) . Information collected on the size and sex structure of the C. spectabilis population within a variety of temperate reef habitats is presented here. During this survey, the standard length of each fish seen within 20 X 5 m strip transects was estimated. Estimates of size prior to destructive sampling or measurement in the field were found to be accurate to within 10%. Each fish was placed into one of 3 categories: male, female and unknown. The unknown category was composed mainly of juveniles (below 250 mm SL). Destructive sampling of fish outside the study area following estimation of sex yielded 100 % accuracy for fish greater than 240 mm SL. However, this is based on a sample of only 5 fish. Inaccurate sexlng in the field is a potentially confounding factor in the description of the patterns of the sex distribution in C. spectabilis. However, inaccuracies are thought to be few, being mostly of the smaller fish around 250 mm SL.
Temporal change in abundance and size frequency. To examine the fluctuations in density and size structure of the Cheilodactylus spectabilis population over time, 2 strips of reef were surveyed daily and/or monthly over the period from January to December 1985. The ca 100 X 350 m localities encompassed in this study were Tabletop and Onespot reefs which are separated by 0.75 km of coast. These strips consisted of 2 habitat types: 'shallow broken rock' in the shallows, and 'dissected blocks' in deeper water. Both sloped to a depth of 25 m some 350 m offshore. Both reefs were divided arbitrarily into 3 depth zones: shallow (< 9 m), mid (9-17 m) and deep (17-23 m) . Part way through the monitoring programme a fourth, deeper site was added to the Tabletop reef locality, this was separated from the main reef by a large sand flat; subsequently, deep zones became Deep 1 (17-23 m) and Deep 2 ( > 2 3 m). This Deep 2 site was composed of 'deep-flat-reef' habitat. No such site was available for the Onespot location.
Two methods were used to assess changes in the density and population structure of Cheilodactylus spectabilis at the 2 locations: (a) total censuses (Tabletop) and (b) strip-transects (Onespot). Total censuses were used at the Tabletop locality to enable a detailed examination of the local spatial distribution patterns and social organization of C. spectabiljs, not presented in this paper. Since this is a time-consuming survey method, the more rapid visual strip transect technique was used at the Onespot locality.
The Tabletop reef total census required a 100 X 350 m strip of reef to be mapped in detail. Each of the 3 depths was censused separately and the size of all Cheilodactylus spectabilis seen was estimated (SL), each individual was sexed, and the position of each fish was plotted on a map of the area. Recount of fish were minimized through the recognition of individuals seen previously during the census, by scars and irregularities in banding patterns of the fish.
Random strip transects were used to quantify density patterns at Onespot reef. McCormick & found that a 20 X 5 m strip transect was the most efficient size when sampling Cheilodactylus spectabilis. The time constraints of diving allowed a maximum of 8 transects to be swum at the deepest study site at Onespot. Power analysis indicated that 8 replicates were adequate to detect small to moderate differences in density (as defined by Cohen 1977) between depths (effect size = 0.19, n = 80) and moderate differences in density over time (effect size = 0.35, n = 24). Thus 8 transects of 20 X 5 m were used to assess the density of C. spectabilis at each of the 3 depths for the 12 mo monitoring period. All fish seen during transect sampling were used in an analysis of size frequency patterns. The trends in sex distribution over time were not assessed due to inconsistent recognition of sex in the early months of study.
Within and between days: Variations in the density, size structure and spatial distribution of Cheilodactylus spectabilis with time of day were investigated at Tabletop reef. Replicated censuses were swum at 3 times of the day (dawn, dusk and midday) over the shallow and mid-depth sites. The mid-Tabletop reef study site was censused 3 times of the day for 2 d during November 1984. This census series was repeated over 3 d during November 1985 to determine whether the within-and between-day patterns obtained were consistent over years. At the shallow site the within-day changes in size distribution were assessed 6 in 2 parts due to adverse weather conditions. Both involved 2 replicate censuses at 2 times of the day (dawn and midday; dawn and dusk). A small-scale within-day movement pattern at the Deep 2 Tabletop study site around the reproductive season (April) suggests a small potential sampling bias with regard to the time of day. This movement pattern is the subject of another paper (McCormick 1989) .
Between monk%: All 3 depth sites at Tabletop and Onespot Reefs were surveyed once per month for 12 mo, to examine whether there were systematic trends in movement patterns within a year. Strip transects were used at Onespot, while total count censuses were employed at Tabletop Reef. These censuses were assumed to be representative of the density, size and sex distributions for a specific month.
Between years:
The density and size distributions of Cheilodactylus spectabilis in the 5 habitats where it was most common were sampled during February 1988. Three sites were sampled for each of the shallow broken rock, kelp, deep reef, and rock flat habitats, with 10 transects within each. Only one site was available for the tumble boulderbank habitat. Size structure and density estimates from this survey are compared to the more extensive 1985 survey, and also with the results of a similar survey conducted in 1978 (Ayling unpubl.) .
Analyses. Multivariate pattern-analysis techniques were used to identify potential differences in body shape between male and female fish. The set of 21 measured body variables was reduced to a more manageable number by the removal of highly collinear variables and those which discriminated least between male and female fishes. This was accomplished by stepwise canonical discriminant analysis. To test whether and fish did differ in a extent of any significant differences found. McCormick . No data was collected to determine whether simulated transect sampling yields results indistinguishable from real field sampling. Consequently, analyses are interpreted cautiously.
Analysis of variance was used to test the effect of the factors, time of day, days and months on the abundance patterns of Cheilodactylus spectabilis. Residual analysis was used to check the ANOVA assumptions of normality and homogeneity of variances. If data deviated from these assumptions the data was transformed (log[x + l ] ) and residuals re-examined. To enable analysis of the changes in size frequency distributions, fishes were placed into one of 4 size classes. These were: A: SL I 250 mm; B: 250 < SL 1 3 5 0 mm; C: 350 < SL 1 4 5 0 mm; D: SL > 450 mm. These do not represent wholly arbitrary divisions of the population. Information on the reproductive cycle suggests C. spectabilis mature at 250 mm SL (McCormick 1989) , thus the smallest size class represents juveniles. Furthermore, information presented in this study suggests that the largest size class contains mostly males. Variations in the size composition were analyzed by multidimensional contingency table analysis using maximum likelihood estimation (CATMOD, SAS 1985) . These have the benefits of being able to examine interacting factors on discrete datasets (Legendre 1987) .
RESULTS

Morphology
A multivariate analysis of variance indicated a significant difference in body shape amongst male and female Cheilodactylus spectabilis (Pillai's trace 0.35, d.f. = 5,26, p < 0.036). A canonical discriminant analy- described patterns of abundance of Chellodactylus spectabilis in 10 habitat types. To aid interpretation of the size-and sex-related patterns of abundance these are summarized in Table 1 . The size range has been divided into 50 mm size classes to examine general trends in size and sex distribution with habitat type. There was a general trend for the smallest fish (< 150 mm SL) to occur in the shallower habitats, while larger fish occur in progressively deeper water. A regression of size (SL) on depth for all fishes where depth was recorded was significant (? = 0.43, n = 178, p < 0.001).
The sizehex distribution suggests that males attain a larger maximum size than females, with the largest male observed estimated at 530 mm SL compared to 440 mm SL for females (Fig. 2) . Furthermore, the sex distribution showed a trend for large males to dominate the deeper habitats, while females and juveniles are most abundant in the shallows. These size and sex related trends are clear from a comparison between the rock flat (4 to 12 m depth) and deep flat reef habitats (22 to 25 m). Females make up 8 0 % of the Cheilodactylus spectabills population in the former, while representing only 8 % in the latter habitat. In addition, no males larger than 450 mm SL were present on the rock flats, while none smaller than 400 mm Fig. 3 . Cheilodactylus spectabilis. Size-frequency distributions indicating sex composition, at 4 depths at the Tabletop study site and 3 depths at Onespot. Standard errors are for total densities in each size class, and were calculated from 11 monthly censuses of each depthflocality combination. Sexes are identified as in Similar size-and sex-related patterns with depth were shown at the regularly monitored Tabletop and Onespot locations (Fig. 3) . These trends are not as distinct at the Onespot study site, with fewer males greater than 450 mm standard length at the deep site. This may be due to the lack of a 'deep-flat-reef' habitat at the offshore edge of the reef (Tabletop Deep 2).
Temporal abundance patterns
Density and size-structure of Cheilodactylus spectabllis at mid-depth Tabletop reef showed little change within or between days (Fig. 4) . A 3-factor analysis of variance comparing densities over 3 times of the day, 2 days and between 2 censuses 1 yr apart, revealed no significant changes in density (Table 2) . Similarly small portions of the total variation in C. spectabilis density were explained by differences in density between years, days and times of day (0.6, 1.5, 0.8% respectively). The majority of the variation in density was due to the difference among strip transects (95 O h ) . In addition, a maximum likelihood analysis found no significant differences between size frequency distributions over the 2 census series, time of day or days (Table 3) .
Two census programmes a t the shallow Tabletop site found a similarly small change in abundance and size structure with time of day. The series of 4 censuses (2 times of day over 2 d) during May revealed no significant difference in density (Fig. 5) Fig. 3 
Shallow Tabletop
May
Dawn -Dusk (Table 4a ) between dawn and dusk censuses, over 2 consecutive days. The intercept values were significant in both instances. Likewise, a similar set of 4 censuses during June, comparing densities between midday and dusk over 2 d, found no significant differences (Fig. 5 , Table 4b ). T h~s suggests that the density and sizestructure of Cheilodactylus spectabilis changes little over a number of days, at least at shallow and mid- Fig. 5 . Cheilodactylus spectabilis W~thin-and between-day variation in s u e structure at the shallow Tabletop study site Two census series are presented, the first comparing dawn and dusk, the second, dusk and midday. Size classes as in Fig. 3 h4cCorm1ck: Abundance and population structure of a reef fish (Table 5) . Similarly, there was no change in the size structure of either population over this period (Table 6 ). This is despite the fact that the total numbers of C. spectabjlis for all size classes over the whole of the Tabletop study site fluctuated by between 55 % (SL 5 450 mm) and 7 1 % (350 5 SL < 450 mm) of their maximum value (Fig. 6) . Only 2 changes in the rank abundance of the 4 size classes occurred (May and August), and these were between the 2 least abundant size classes (C and D, see Fig. 6 ).
Since Tabletop reef is only part of the larger reef network, some emigration and migration is likely to have occurred. The trend in fluctuations of the total number of Cheilodactylus spectabills counted at Table- top over the 12 mo period mirrors those of the most abundant, 250 to 350 mm SL, size class (Fig. 6) . Behavioural studies suggest that fish within this size , McCormick 1986 , 1989 . The decline in numbers from Aprll to July 1985 may be due to an extension of the home-range size during winter, and consequently, a lower chance of recording an individual in the census area. This decline in numbers was consistent over all depths and was insufficiently large to be statistically o l . . . : . . . : . . : . detected over normal spatial variation with the present sampling design. The overriding trend, both in terms of the density and size structure of Cheilodactylus spectabilis, was with depth. Significant differences in density and size occurred, and these were consistent over time (Tables 5  and 6 ). A Tukey's HSD test revealed that the densities of C. spectabilis at mid-depth sites were significantly higher than those from either deep or shallow sites.
When the density of Cheilodactylus spectabilis was compared between surveys spanning a 10 yr period the differences in density between habitats noted within a year were found to be relatively consistent over a number of years. Over the 3 surveys the rank order of the fish densities by habitat remained unchanged ( Table 7 ). The highest densities of C. spectabilis were always found in the tumble boulderbank habitat, while the lowest densities were recorded on the rock flat areas.
Similarly, the size structure of Cheilodactylus spectabilis within the 4 main habitats shows little change over the 10 yr period (Fig. 7) . The smallest individuals tropical systems (Ebeling et al. 1980 , Klngett & Choat 1981 , Jones 1984b , Russ 1984a , b, Choat & Bellwood 1985 . Choat & Ayling 1987 . Less predictable were the differences in size and sex distribution between habitats. A bell-shaped size structure was the norm, with its modal size class differing between habitats. The position of the most abundant size class was loosely related to habitat depth, w~t h larger individuals occurring at higher densities in deeper water. Excep- tions to this normal distribution were the skewed size distributions of shallow-broken-rock and deep-flat-reef habitats. Juveniles only settled into the surge channels of the former, which had a predominance of smaller individuals. In contrast, the latter was characterized by a lack of small and an abundance of very large fish. The sex distribution was closely associated with this size pattern. Females and juveniles dominated the shallow habitats while males, which grow to a larger size, were most abundant in the deepest parts of the reef. Patterns of size structure over strips of reef running offshore suggest a slow ontogenetic movement down the shore. Individuals which recruit into the shallows appear to migrate to deeper water as they grow, the trend being more accentuated in the males. Their position on the reef may be a product of their s u e , sex and behavioural interactions. Sale (1969) found a progressive selection of deeper water habitats with increased body size in surgeonfish Acanthurus triostegus. Choat & Ayling (1987) found a habitat-related pattern of size structure for fish fauna as a whole, with a general increase in fish size with depth of habitat. This trend for increasing size with depth appears to b e a common feature in many fish species (Johannes 1978 , Longhurst & Pauly 1987 . Since the sex of a fish is often related to size (e.g. Robertson 1972 , Choat & Robertson 1975 , Jones 1984a , c, 1987 , Hoffman 1985 , with males often larger than females, this size/depth trend may be indicative of a widespread tendency for differential sex distributions.
The magnitude of the temporal variation in the density of Cheilodactylus spectabilis was orders of magnitude lower than spatial variation at the scales considered. Differences in abundance among habitats were consistent over a range of time scales. Similar levels of constancy in density were found on a between-year, within-year, between-day, and withinday basis. Jones ( 1 9 8 4~) observed a similar pattern in a 5 yr study of the temperate labrid Notolabrus celidotus over 10 habitats. In some habitats significant changes in abundance were recorded, however the general pattern of distribution between habitats remained unchanged. Other studies document similar trends (e.g. Ebeling et al. 1980 , Choat & Bellwood 1985 . An exception, however, were the findings of a 12 yr study of reef fish abundances made at the Poor Knights Islands (Choat et al. 1988) . Those species with either small or with distant parent populations showed marked temporal fluctuations. Such large changes in density were suggested to be a function of the geographical isolation of the island and atyplcal of temperate reef fish populations generally.
How this lack of a regular systematic movement pattern compares to other large benthic carnivores is difficult to assess, due to the lack of detailed studies on the distribution patterns of large demersal fish. A number of studies have examined the ontogenetic movement patterns of the tropical pomadasyid Haemulon flavolineatum (Ogden & Ehrlich 1977 , McFarland e t al. 1979 , Helfman et al. 1982 . These studies have shown that juveniles form schools of similar sized individuals on the reef during the daylight hours, migrating at dusk into seagrass or sand areas to feed. Adults displayed a more solitary existence, although maintaining the diurnal migration pattern (Shulman & Ogden 1987 The patterns of size-structure of Cheilodactylus spectabilis with habitat type remained consistent over time. There are few differences between recent estimates of size structure and those collected 10 yr earlier in 1978. This is hardly surprising when the biology of the species is taken into account. The magnitude and frequency of changes in the structure of a population is likely to be directly related to the longevity of the species and the time frame of study. Variable recruitment is likely to have a greater effect on the population slze of a short-lived species, rather than a long-lived species. C. spectabilis is an example of the latter, being both long lived and relatively slow growing (McCormick 1986 ) with cohorts of similar sized/aged individuals not being readily separable after the second year. Information from this study suggests the population size and age structure is the result of an accumulation of periods of generally low settlement, interspersed with years of successful, high settlement. Unfortunately, long-term studies of reef fish populations have not examined size structure and in these studies it is unknown whether temporal consistency in numbers masks an underlying instability in the age or size composition (Jones 1988) .
The size-related distribution patterns of Cheilodactylus spectabilis on the reef have important ramifications to its influence as a microcarnivore on the benthic invertebrate fauna. Much work has been done on the effects of fish predation on invertebrate communities in vegetated marlne habitats (review by Choat 1982) . Most, however, lack information on the distribution patterns of the predators, generally assuming a uniform effect over the whole system (Virnstein 1977 , Heck & Thoman 1981 , Nelson 1981 , Minello & Zimmerman 1983 , Tito de Morais & Bodiou 1984 . This study showed that over 50 O/O of C. spectabilis occur in the shallows, where there is a predominance of small individuals. Leum & Choat (1980) , in a study of the feeding of C. spectabilis, found that small-to-mid sized fish fed intensively throughout the day, while large individuals fed seldom. Furthermore, a preliminary study on the use of space within home ranges indicated that intense feeding was confined to a relatively smaIl part of the total area regularly traversed (McCormick 1986) . Consequently, if there was an effect of C spectabilis feeding on the invertebrate community, it could be expected to be a localized effect, concentrated in the shallow areas of the reef. The stability of the sizestructure in a n area is also of importance when considering the potential effects of fish feeding. The relative proportions and sizes of food items removed, together with the quantity per bite and the microhabitat to which feeding is directed, have all been shown to b e size-related for C. spectabilis (McCormick 1986) . Together, these observations indicate that without a detailed knowledge of distribution patterns, a completely false impression of the effects of feedlng pressure on the distribution of prey items can be obtained.
Clearly, more population studies which incorporate elements of demography are required to enhance our understanding of the interactions of fish with their physical and biological environment. By examining the size structure and sex distribution of Cheilodactylus spectabilis over a range of time scales, this study has shown that the distribution pattern has a large element of predictability. This greatly simplifies investigation of the factors which influence this distribution pattern, and design of experiments to examine the effect of the fish on its environment.
